The high-spin structures and isomers of the N = 81 isotones 135 Xe and 137 Ba are investigated after multinucleon-transfer (MNT) and fusion-evaporation reactions. Both nuclei are populated (i) in 136 Xe+ 238 U and (ii) 136 Xe+ 208 Pb MNT reactions employing the high-resolution Advanced Gamma Tracking Array (AGATA) coupled to the magnetic spectrometer PRISMA, (iii), in the 136 Xe+ 198 Pt MNT reaction employing the γ-ray array GAMMASPHERE in combination with the gas-detector array CHICO, and (iv) via a 11 B+ 130 Te fusion-evaporation reaction with the HORUS γ-ray array at the University of Cologne. The high-spin level schemes of 135 Xe and 137 Ba are considerably extended to higher energies. The 2058-keV (19/2 − ) state in 135 Xe is identified as an isomer, closing a gap in the systematics along the N = 81 isotones. Its half-life is measured to be 9.0(9) ns, corresponding to a reduced transition probability of B(E2, 19/2 − → 15/2 − ) = 0.52(6) W.u. The experimentally-deduced reduced transition probabilities of the isomeric states are compared to shell-model predictions. Latest shell-model calculations reproduce the experimental findings generally well and provide guidance to the interpretation of the new levels.
I. INTRODUCTION

45
The nuclear structure of high-spin states in the vicinity of 46 the N = 82 magic number is a benchmark for nuclear shell-model (SM) calculations based on modern effective interac-mer at 661.659(3) keV with a half-life of 2. 69±14 ? 137 Ba 135 Xe 133 Te 131 Sn 139 Ce 141 Nd 143 Sm 145 Gd [18, [26] [27] [28] [29] [30] [31] [32] [33] [34] . A sequence of J π = 19/2 − isomers is found in the isotones ranging from 133 Te to 139 Ce. Tentative assignments are written in parentheses.
The level scheme is known up to 12 MeV with spin (57/2) − .
147
The 2795-keV isomer is explained as a three-quasiparticle the total excitation energy of the reaction system. In partic- In accordance with the intensity balance, the 250-keV γ-ray, 
396
The gate on the 1568-keV γ-ray transition, which directly 397 feeds the 11/2 − isomer, shows a distinct peak at 120 keV in Table II . Energies, assignments and relative in-beam intensities for transitions observed in 137 Ba above the 11/2 − isomer. Fitted energies and intensities normalized to the 274.5-keV transition are taken from the 11 B + 130 Te HORUS experiment. The uncertainties in the transition energies are ±0.5 keV. Possible spin/parity assignments are discussed in Section IV. Figure 8 . (a) 137 Ba ejectile Doppler-corrected γ-ray spectrum, corrected for contamination of the isobar 137 Cs by subtracting the corresponding normalized mass-gated γ-ray spectra. Random background is subtracted with a gate on the prompt peak in the spectrum of time differences between AGATA and PRISMA. Only the 275-keV γ-ray was previously known. (b) Mass spectrum of the Ba isotopes obtained with PRISMA.
The applied mass gate on 137 Ba is marked in black.
trum of the 136 Xe + 238 U AGATA experiment in Fig. 8(a) .
423
The improved energy resolution of the AGATA array allows isomer. γ-ray energies and intensities, normalized to the in-450 tensity of the 274.5-keV γ-ray transition, are listed in Table II .
451
The 274.5-keV transition is observed to be the most intense This placement is also supported by γγ-and γγγ coinci- higher-order pairing interactions are also taken into account.
IV. SHELL-MODEL CALCULATIONS
520
Single-particle energies (SPE) were adopted from the experi-521 mental excited states of 133 Sb (proton SPEs) and 131 Sn (neu-522 tron SPEs) [3] .
523
The shell-model calculations provide insight into the struc- to the ones of 137 Ba in Fig. 10(b Figure 10. Comparison of experimental energy spectra with the results of shell-model calculations for (a) 135 Xe and (b) 137 Ba. Experimental energy spectra are shown in the left panels. The arrangement of experimental levels for 137 Ba mirrors the layout of the level scheme shown in Fig. 6 . The mid panels comprise the results for both the first and the second excited states obtained with the PQM130 interaction [3] . The right panels show the results of the shell-model calculations within the SN100PN interaction. Note that the states are separated into columns for the negative-and the positive-parity states. The first columns contain yrast states; second columns with yrare states are added for clarity.
the two calculations emerge in the high-spin regime, e. Positive-parity states with J > 15/2 are predicted by both cal-
548
culations to appear at excitation energies larger than 2.8 MeV.
549
States with spin 25/2 − are expected to be located at excitation 550 energies above 3.2 MeV. In comparison with the experimental 551 energy spectrum, both interactions do not yield a conclusive 552 assignment of states beyond 2.5 MeV.
553
The 11/2 − and the (15/2 − ) states in 137 Ba are well repro-554 duced by the PQM130 interaction. In contrast, the SN100PN 555 interaction underestimates the 11/2 − level energy by 184 keV.
556
The ordering of the first excited 17/2 − and 19/2 − levels are as the calculations are performed for valence-neutron holes.
602
The results are summarized in is clear for 133 Te, it is not trivial for 135 
